Thank you for submitting your manuscript for consideration by The EMBO Journal. Let me first of all apologise for the delay in getting back to you with a decision. Unfortunately, we had some difficulties in finding suitable and willing referees for this manuscript and in addition two of the referees were not able to return their reports as quickly as initially expected.
Your manuscript has now finally been seen by three referees whose comments to the authors are shown below. As you will see while referee 1 is more positive the other two referees do not offer strong support for publication of the study here. I will not repeat all their individual points of criticism here, but while they feel that the study could potentially be very interesting they do not feel that the conclusiveness and the completeness of the experiments is sufficient at this point to justify the conclusions drawn. One major issue in this regard is that TOC1-specific events need to be discriminated in a more convincing way from indirect effects of TOC1 on the circadian cycle. Second, referees 2 and 3 feel that the functional connection between TOC1, ABAR and ABA signalling is not clear and strong enough. Clearly, the referees point to major shortcomings of key aspects of the experimental evidence provided, and an extensive revision including further experimentation and crucial controls would be required to address these issues. Furthermore, the outcome of such experiments cannot be predicted at this point. In such a situation, I am sorry to say that we cannot consider (and thus commit to) a revision and I therefore see little choice but to come to the conclusion that we cannot offer to publish the manuscript.
Given the interest expressed by the referees in principle we would however not exclude the possibility to consider a new submission on the same topic if you can address these concerns, in particular those I have pointed out to you above by further experimentation and data analysis along the lines put forward by the referees. However, such a new manuscript would need to be treated as a new submission rather than as a revision and would need to be evaluated again on the editorial level and reviewed afresh (involving our original referees again, if possible) also in the light of the literature at the time of resubmission. At this point, though, I am sorry to have to disappoint you.
Thank you in any case for the opportunity to consider this manuscript. I am sorry we cannot be more positive on this occasion, but we hope nevertheless that you will find our referees' comments helpful.
Yours sincerely, Editor
The EMBO Journal **************************************************** REFEREE COMMENTS Referee #1 (Remarks to the Author):
The study by Cuevas, Legnaioli and Mas demostrates a direct interaction between the circadian clock and hormone signaling in plants. An analysis of a single time point in gain and loss-offunction TOC1 mutants revealed an over representation of genes involved in ABA hormone signaling and not other hormone pathways. ABA is a key component of drought stress tolerance; thus, they examined several water usage phenotypes including stomata aperture and conductance and response to soil drought as well as others. The TOC1 mutants proved to be significantly sensitive to drought stress and exhibited aberrant physiological responses. The most important and most interesting data is the demonstration that TOC1 protein binds to the promoter of an ABA related gene, ABAR. There is definitely room to play this part of the manuscript up. TOC1 has been part of the building model for the circadian clock since its inception roughly ten years ago, but it has no known function to date. Yes, we could very likely measure a clock response to hormones and we could measure a difference in stress response in a clock mutant, after all, the clock regulates a huge chunk of the transcriptome. Demonstrating that TOC1 is a transcription factor is a very important discovery. This coupled with very convincing and numerous stress response assays, they make for an excellent story that is well written and well presented. The array experiments require more detail. For example, what array was used? From the statistical analysis, which is described in sufficient detail, I gather that both an Affymetrix ATH1 gene array and a long oligo array were used. This should of course be included with the description of the transcription profiling experiments.
When describing the overlap with previously published circadian microarray experiments, was the overlap of genes present on the different platforms accounted for? For example, the tiling array and the gene array are capable of measuring a different suite of genes. Lets assume the tilling array can measure more genes than the gene array (I stress assume), the % overlap should only consider those on the gene array. I assume this is how the analysis was conducted.
The number of genes found to be mis-regulated in toc1-2 and TOC-OX lines is surprisingly small and perhaps irrelevant. If in the toc1-2 mutant the period is short, the genes identified with this experiment are in large part dependent on the particular time point sampled. On the other hand, if TOC1-OX is mostly arrhythmic, the suite of genes identified depends on the stage in with the rhythmic genes in the wild type plant are. Considering the array experiments appear to have been conducted in order to generate hypotheses (in this case very good ones), I find the array experiments and the analysis to be most appropriate. Excellent and especially fruitful use of historical data. Proper statistical analyses appear to have been performed throughout. However, annotation was not included in the figures. Significance is appropriately mentioned in the text, but not in the figures. The scale of the figures should be the same so that we may compare across panel more easily, for example, Fig 2D and 2E should both be up to 80.
In Fig 4, is it relevant which RNAi lines are listed? It would be nice to be able to compare across panels the different transgenic lines.
The data in Fig 6D are not or similar quality as the other figures. It shows a single replicate without loading standards or quantification of four genotypes time courses. These data should be bolstered or removed from the manuscript.
The model in Fig7E is important. It is exciting to see a genuinely solid line drawn from TOC1. However, the output from TOC1 in the model is not conceptually satisfying. It appears as though TOC1 causes dehydration. I suggest the authors improve this figure as it will be copied and modified in future reviews.
Minor comments
Mis-express is misspelled throughout as miss-express. In the manuscript by Cuevas et al, the authors investigate links between the circadian clock and ABA signaling. The data are of high quality and the experiments appear to have been done with care. However, I do not think the data adequately support the authors' conclusion that "TOC1 functions as a molecular switch connecting the circadian clock with plant responses to drought" (the title of the paper). Although there are interesting findings in this paper, I am not convinced that TOC1 regulates ABA signaling by controlling expression of ABAR/GUN5/CHLH, the main conclusion of the paper.
The authors first describe microarray experiments carried out with wild-type, toc1 mutant, and TOC1-OX plants. Single time points were compared between the genotypes. These experiments were replicated and appropriate statistical methods were used to compare gene expression in the mutant and wild-type plants. However, I cannot agree with the authors' interpretation that genes with altered expression in the mutant compared to wild type likely represent TOC1-regulated genes. toc1 mutants have a clock that runs faster than wild type; the way this experiment was conducted, the wild-type and toc1 mutant plants were at significantly different phases of the circadian cycle (approximately 6 -8 hours different). Although genes misregulated in toc1 mutants may include those directly regulated by TOC1, I expect that most high-amplitude clock-regulated genes would be included in this list. Similarly, TOC1-OX plants are largely arrhythmic, so most clock-regulated genes would be expected to be misexpressed in this mutant as well. Indeed, the authors report that clock-regulated genes are highly represented among those misexpressed in toc1 and TOC1-OX. In addition, they report that genes regulated by ABA and/or by drought are also over-represented in their gene lists. Again, this is expected since it has previously been reported that drought-and ABAregulated genes are over-represented among clock-regulated genes. A similar critique can be made of their finding that promoter elements implicated in response to drought are enriched in their lists of misexpressed genes.
The authors clearly realize the shortcomings of their current analysis. As they state, "the altered gene expression might be due to a phase-dependent effect on the oscillating transcriptional profiles". That is, the correlation between genes altered in TOC1 mutant plants and those regulated by stress and/or ABA may simply be due to altered clock function and have nothing to do with direct TOC1 action. With more sophisticated analysis, the authors could address this possibility. Using previouslypublished array data, they could categorize all clock-regulated genes according to their time of peak expression and then determine what the normal time of peak expression is for the genes they find to be misexpressed in TOC1-OX and toc1. For each phase, they could then determine whether ABA and/or drought-regulated genes are enriched among the list of genes misexpressed in toc1 or TOC1-OX (compared to the frequency of ABA-or drought-regulated genes with that phase in wild-type plants). This would allow them to determine whether TOC1 has a specific effect on ABA signaling apart from its general role in central clock function.
The authors next demonstrate a new link between the circadian clock and stress signaling. They show that plants mutant for toc1 are more drought tolerant and those overexpressing TOC1 are more susceptible to drought than wild type. This is correlated with an increased and decreased response, respectively, of guard cell movement in response to ABA. This is a very nice result. However, as above, it is not clear whether this is directly due to changes in TOC1 expression or changes in physiology caused by altered clock function in these plants.
To address this point, the authors study regulation of the ABAR/GUN5/CHLH gene in TOC1-OX and mutant plants. Although it has recently been suggested the product of this gene is an ABA receptor in Arabidopsis (Shen et al, 2006) , studies in another plant species suggest that the highlyconserved homolog is not an ABA receptor (Muller and Hansson, 2009) . The product of the ABAR/GUN5/CHLH gene has roles in chlorophyll biosynthesis and in the generation of an unknown chloroplast signal that regulates expression of nuclear-encoded genes Mochizuki et al, 2001 ). Thus although ABA responses are clearly altered in Arabidopsis plants mutant for or overexpressing ABAR/GUN5/CHLH (Shen et al, 2006 , and the current study), it is not clear whether these can directly be attributed to a role in ABA signaling or a role in chloroplast development or retrograde signaling (and thus the overall development of the plant). The possibility that this is an indirect effect is underscored by the enrichment of ABA-responsive genes among genes misregulated in both gun5 and gun1 mutants (Koussevitzky et al, 2007 ).
The authors demonstrate that expression of ABAR/GUN5/CHLH is robustly clock-regulated. Notably, the phase of peak expression (early in the subjective day), is similar to that of the majority of the genes encoding components of the photosynthetic machinery (Harmer et al 2000) . Thus the clock regulation of this gene seems just as likely related to its role in chlorophyll production as any role in ABA signaling. ABAR/GUN5/CHLH expression is low and arrhythmic in TOC1-OX but has an early phase with no alteration in overall levels in toc1 mutants. These effects could be due to direct or indirect action of TOC1 on ABAR/GUN5/CHLH expression. ChIP experiments were conducted to address this point. However, not enough information is presented for me to determine if these experiments were carried out correctly. More information must be provided on the normalization procedure and the negative controls used. Error bars are shown, but it is not clear whether these are derived from technical replicates or independent biological replicates. This experiment is critical to the paper and should be thoroughly documented.
The authors conclude that TOC1 directly negatively regulates ABAR/GUN5/CHLH expression, and that this accounts for the altered ABA responsiveness in TOC1-OX and toc1 plants. Consistent with this possibility, plants double mutant for both toc1 and abar/gun5/chlh have the same reduced responsiveness to ABA as abar/gun5/chlh single mutants (another nice result). Arguing against this simple model, however, the increased ABA responsiveness seen in toc1 mutants is not accompanied by increased ABAR/GUN5/CHLH expression. This last result suggests that although ABAR/GUN5/CHLH function is required for the increased ABA responsiveness of toc1 mutants, changes in expression of ABAR/GUN5/CHLH are not responsible for this phenotype. This calls the authors' overall model into question.
Overall, the manuscript is well-written and the figures are of high quality. However, the Supplemental Tables are not adequately described. What do the different labels stand for? The AGI numbers of each gene should also be listed on each table.
Referee #3 (Remarks to the Author):
This paper identifies a function for the Arabidopsis TOC1 protein in linking circadian clock function to drought resistance. Many experiments have previously shown a function for TOC1 in circadian clock function. The paper starts by using expression arrays to identify genes altered in expression in TOC1 overexpressor plants and toc1-2 mutants. Genes regulated by the circadian clock or involved in ABA and drought responses were over represented among those altered in expression in the two genotypes. To assess whether the TOC1 genotype affected the sensitivity of plants to drought, the toc1-2, TOC1 overexpressors and wild-type plants were exposed to drought. The TOC1-ox plants were more sensitive than wild-type and the toc1-2 mutants or RNAi plants were less sensitive. These differences correlated with stomatal opening: the overexpressor plants had more open stomata even in the presence of ABA while toc1 mutants had closed stomata. One gene in particular, ABAR, which encodes a subunit of magnesium-protoporphyrin IX chelatase, was chosen for further analysis. RNAi plants for this gene showed impaired stomatal closure and increased water loss. ABAR was clock regulated, reduced in mRNA expression in a TOC1 overexpressor and increased in expression in a toc1 mutant. Chromatin immunoprecipitation experiments were used to show that TOC1 binds to the promoter of the ABAR gene. In addition TOC1 expression responds to ABA. Addition of ABA during the day increased TOC1 mRNA level, but during the night it had no effect. Up regulation of TOC1 by ABA was prevented in ABAR RNAi plants, suggesting that this enzyme plays a role in the response of TOC1 to ABA. Genetic experiments showed that ABAR RNAi water loss phenotype is epistatic to the resistance to water loss shown by toc1 mutants, whereas the ABA RNAi TOC1-ox plants showed the phenotype of TOC1-ox plants.
The regulation of output pathways by the clock mechanism is an emerging area in plants, and precisely how the central oscillator mechanism regulates so many outputs is of great interest. This paper addresses these issues by showing a relationship between TOC1, a central clock component, and a specific output pathway, in this case the ABA signaling pathway. Therefore the topic of this paper is certainly of interest. However, the presentation of some of the data was of poor quality, particularly the ChIP and Northern blots. Also, I was not convinced that the toc1 drought resistant phenotype could be explained by the increase in ABAR expression. The overall role of ABAR in drought resistance and gene expression is far from clear also complicating the proposed feed back regulation. In my opinion therefore this paper requires substantial revision.
1. The Northern blot data in Figure 5 and 6 were difficult to interpret. The panels in Figure 6 have no loading controls making them impossible to interpret. Also it was unclear when or how the ABA was added for the Northern data and how it compares to the gating shown in panel 6A. The Figure 6 blots are not quantified. Figure 5 Northern data points are obviously off making me worry about all of the quantification. In the first graph panel in the left hand column the pattern of ABAR mRNA in TOC1 RNAi is complex and unlikely. It's very high at 19 h, very low at 24 h and very high again at 3 h. This effectively gives two diurnal peaks at 19 h and 3 h. This seems very unlikely and more likely it should be high at 23 h, as observed in WT making a broader peak than found in WT. But how comparable are the WT and TOC1 genotype experiments? Were they probed on the same blot making them directly comparable as shown in the histograms? Probably not because the same WT control is used in each case. Therefore these comparisons between WT and the TOC1 genotypes may not be really valid. I also wonder if it's good practice to show the same data twice -as they do here with the WT controls at the top of both columns.
Some of the
3. A key message of the paper is that the increase in ABAR expression in toc1 mutants causes enhanced resistance to drought. But is this really likely? The mRNA encoding this enzyme is expressed highly at most time points in WT, so the hypothesis is that increasing its expression over a few hours in the day makes a large difference to phenotype. I think this is unlikely, but it can be easily tested -is an ABAR-ox plant more resistant to drought than WT? This experiment should be included. Figure 3C that toc1-2 is more sensitive to ABA. This is not really clear to me the slope of the reduction in stomatal aperture as ABA concentration is increased is very similar between WT and toc1-2 suggesting the response to ABA is the same. It's true that stomatal aperture is less in toc1-2, but it's less at all time points even in the absence of exogenous ABA -so the response to ABA might be the same but stomatal opening is impaired by some other mechanism. 5. They need to explain the second scale in Figure 5C . Figure 5D 8. In Figure 6C they compare TOC1:LUC expression in ABAR RNAi plant with and without ABA. However we also need to be able to compare these with wild-type plants side by side. Could these be included in the figure? 9. Page 11. YFP antibody was used for the ChIP. So the genotypes they used must have the YFP fusion. However they are described as TOC1-ox and TOC1 minigen plants. In fact presumably they are TOC1-YFP-ox and TOC1-YFP minigen. I think this needs to be stated for clarity. When they mention TOC1-ox elsewhere in the paper is it always TOC1-YFP-ox or in some places is it truly TOC1-ox? 10. Because ABAR is an enzyme presumably its effect on TOC1 expression is indirect. It could be very indirect and affecting many other processes. So I'm a bit concerned whether the feedback loop they describe is really the basis of the phenotype they see, or is it a rather minor component.
They conclude from

The ChIP data shown in
11. Some genes identified by the array experiment with TOC1-ox are validated by RT-PCR. However for toc1-2 no validation is done. This is required.
12. Also somewhere in the text they should make it clear that different expression array technologies were used for different experiments.
Resubmission -authors' response 29 July 2009
Referee #1
We have read the Referee #1 comments and accordingly changed the manuscript following her/his indications. The changes include:
1. A description of the arrays used in our study is included in Supplementary Materials and Methods.
2. As the referee rightfully pointed out, we did not specify that the percentages of overlapping genes in different arrays were calculated taking into account the differences in the number of probes amongst the various arrays. This has been now indicated in Supplementary Materials and Methods.
3. Referee #1 indicates that "... the array experiments appear to have been conducted in order to generate hypotheses..." We took the liberty of using this statement in our response to referee #2.
4. Following the referee suggestions, the microarray tables now include gene annotation.
5. Asterisks denoting the statistical significance are included on the figures.
6. The scale of the Figure 2D is adjusted. 9. The model in Figure 7 was modified following the referee's suggestion. We hope that this new version is now more comprehensible.
10. We replaced "miss-express" by "mis-express" throughout the text.
11. Page 3. "Different mechanisms..." was corrected.
12. Page 3. "....genome that is circadian regulated varies amongst...." was corrected.
13. The gene ID of ABAR was included in the text.
14. Page 6. "...no other hormone pathways were significantly affected..." was corrected.
Referee #2
Referee #2 is not convinced by the evidence presented in our manuscript. Below, we state our response addressing the referee #2 conceptual concerns. Although the referee did not suggest new experiments, we have included new data from additional experiments, which reinforce our conclusions and answer the technical issues raised by the referee.
The referee concerns are mainly related to:
1. Microarray data 2. Physiological analysis 3. Involvement of TOC1 in ABA/drought signalling 4. Involvement of ABAR in ABA/drought signalling 5. Connection of TOC1 with ABAR during plant responses to drought.
1. In relation to the concerns about the microarray data, we believe that there is a conceptual misunderstanding. The link between the clock and ABA transcriptional networks has been clearly demonstrated in different studies (Dodd et al, 2007) . Therefore, ABA transcriptional networks would be affected when the clock is not properly functioning (as in TOC1 mutant and overexpressing plants). In this sense, our results are somehow expected and consistent with previous publications. Furthermore, based on the important role of TOC1 within the circadian system, it seems obvious that many genes regulated by the clock should be mis-expressed in TOC1 arrays. This is the reason why we say that "the altered gene expression in our arrays might be due to a clock-dependent effect". With this sentence we wanted to establish the correlation of TOC1 function in the clock with the mis-regulated genes in our arrays. This is also fully in agreement with the referee comment: "I expect that most high-amplitude clock-regulated genes would be included in the [missexpressed gene] list".
We assume that the referee concern might be related to the idea that when we say "mis-regulated genes" we are implying "directly regulated genes". In the Result section, we only talk about "misregulation", which reflect those genes with an expression significantly different from that of WT plants (regardless the direct or indirect role for TOC1 in this regulation). However, referee #2 sees this as a "shortcoming of our analysis". If anything, we believe that this is rather a shortcoming of the technique, and that is the reason why we completed our study with physiological, genetic, biochemical and molecular approaches. As mentioned above, the link of TOC1 with ABA networks was somehow expected. The novelty of our results relied on the fact that none of the other hormone transcriptional pathways controlled by the clock were as significantly over-represented in TOC1 arrays as the ABA pathways.
The referee also correctly points out that "toc1 mutants have a clock that runs faster than wild type; the way this experiment was conducted, the wild-type and toc1 mutant plants were at significantly different phases of the circadian cycle (approximately 6 -8 hours different)". This is precisely the base of our experimental design. We were taking advantage of this phase/period clock phenotypes to investigate the genes with a significantly altered expression in toc1-2 versus WT. At this particular time point, the expression of these genes is affected due to the short-period phenotype of toc1-2 mutant plants. The microarray data is highlighting these genes. Whether these genes are direct or indirect targets does not change the fact that they are mis-regulated, as opposed to the ones whose expression is not changed at all. As mentioned above, microarray analysis cannot discriminate whether these are direct of indirect targets or whether these genes are functionally closer or farther away from TOC1. That is why the microarray data was taken as a leading clue for the subsequent studies, but we did not attempt to reach our final conclusions only based on these results. Referee #2 may also consider that the array experiments were conducted in order to generate hypotheses (as stated by referee #1).
Despite all these arguments, and accepting that maybe we did not precisely explain that microarray data cannot discern between direct and indirect TOC1 targets, we have included in the manuscript the referee's comment which reinforce the idea that "Amongst the mis-regulated genes, it is expected to find a significant proportion of clock-related genes not directly regulated by TOC1". Additionally, we have carefully revised all the sections in the manuscript trying to eliminate any misleading conclusion.
Regarding the physiological experiments, the referee argues that "it is not clear whether this is directly due to changes in TOC1 expression or changes in physiology caused by altered clock function in these plants". This remark is a bit disconcerting.
TOC1 expression is altered in toc1-2, TOC1 RNAi and TOC1-ox plants and the changes in TOC1 expression affect proper clock function. Thus, it is rather difficult to separate the ABA-and drought-related phenotypes from the clock phenotypes. Even more, in our manuscript we were attempting to demonstrate precisely the opposite i.e. TOC1 role in the clock is intimately linked to its ABA/drought-related function. All over the manuscript, from the title to the final conclusion we were trying to stress out how important is proper timing (by the clock) for ABA-and drought-related responses. 3. Regarding the referee concern about the connection between TOC1 and ABA/drought signalling, we want to mention that in addition to our genomic, physiologic, molecular, and genetic results, the link between TOC1 and ABA was already suggested by a number of previously published studies. For instance, it was shown that ABI3 physically interacts with TOC1 (Kurup et al, 2000) . Also, TOC1 was included in the microarray dataset of genes regulated by ABA (Matsui et al, 2008) . Furthermore, previous studies have shown that proper rhythmic oscillation of stomatal opening is impaired in toc1-1 (Dodd et al, 2005; Somers et al, 1998) . These previous findings are in good agreement with our own results and conclusions and altogether, point towards a connection of TOC1 with ABA signalling pathways.
4. One major concern of the referee is based on a publication questioning the function of ABAR in ABA signalling. However, and in addition to our own data clearly showing the ABA-related phenotypes of plants mis-expressing ABAR, and the failed induction of TOC1 by ABA in ABAR RNAi lines, a recent report has revisited this issue to convincingly show that ABAR binds ABA and has an essential role within the ABA signalling pathway (Wu et al., 2009 Plant Physiology. DOI: 10.1104 . Furthermore, the link of ABAR with ABA is reinforced by the presence of ABA-related motifs in the ABAR promoter and by the inclusion of ABAR as a gene regulated by ABA (Matsui et al, 2008) . The referee also suggests that the phenotypes might be indirectly due to ABAR function in other processes, most likely due to its role in chlorophyll biosynthesis. However, it was already reported that the ABA-mediated signalling was independent of chlorophyll biosynthesis (Shen et al, 2006) and this notion was clearly reinforced in the recently published study (Wu et al., 2009 Plant Physiology. DOI: 10.1104 . Furthermore, ABAR mis-expressing plants have defective ABA-mediated regulation of germination. As far as we know, this process is independent of chlorophyll biosynthesis. In any case, our work does not focus on the mechanisms by which ABAR regulates drought-related responses. Our results focus on the feedback mechanism connecting TOC1 with ABAR during plant responses to drought. This feedback loop would not change regardless the mechanism by which ABAR regulates plant responses to drought.
5. One key aspect of our manuscript demonstrating the connection of TOC1 and ABAR is the TOC1 binding to the ABAR promoter by ChIP assays. The referee complains about the lack of information "to determine if these experiments were carried out correctly". The ChIP assays were essentially performed as previously described (Perales and M·s, 2007) and that is the reason why we did not extensively describe the procedure. However, following the referee's request we have included in supplementary methods, all the details about the ChIP assays. Also, the ChIP data derives from independent biological replicates, meaning independent time course analysis, with independent chromatin preparations; graphs show the results of quantitative PCR but we also have data analyzed by semi-quantitative PCR (an example is included below for the referee). Furthermore, the reliability of our ChIP results was confirmed in independent ChIP-Seq experiments (to be published elsewhere) in which the ABAR locus was retrieved as a TOC1 binding target.
The referee also enquires about normalization and the negative controls. The rhythmic nature of TOC1 binding in TMG plants can be considered as one of the better controls for both negative and positive signals, showing binding only at specific phases (with the very same plants, primers and antibody). Also, in the previous version of the manuscript (Supplementary Figure S6) , we showed a number of gene promoters to which TOC1 was unable to bind, at least in our assays. We also showed the absence of amplification when samples were incubated without antibody during the immuno-precipitation procedure. In this revised version, we have reinforced our data by including a time course experiment showing the absence of ABA1 amplification in TMG plants +/-ABA. Furthermore, we did not observe amplification when we used primers flanking a region in the 4th exon of the ABAR locus (see below). Additionally, we have included new ChIP data using primers flanking the 5'UTR region. Altogether, we hope that these new data properly address the referee concerns about the ChIP results.
Another conflicting issue relies on the correlation between toc1-2 or TOC1 RNAi phenotypes with ABAR expression. Our studies with the double TOC1/ABAR RNAi lines show a reduced response to ABA, which clearly indicates that TOC1 RNAi phenotypes require the presence of a functional ABAR. Also, compared to WT, the phase of ABAR expression in TOC1 RNAi is shifted, which results in significantly higher expression at times when ABAR is at its minimum in WT plants. It should be also considered that the phenotypes in toc1-2 and TOC1 RNAi plants are less severe than in TOC1-ox, which correlates quite well with the more severe alteration of ABAR expression in TOC1-ox. As mentioned in the text, we do not exclude the possibility of a functional redundancy of TOC1 with other members of the family, which might also contribute to ABAR final expression. We are not implying that the mechanism is simple and that no other ABA-and clock-related components are involved. What we claim is that our molecular, genetic and physiological assays, all point towards the involvement of TOC1 as a connector of the circadian clock with drought-related responses.
In summary, we believe that our microarray data, the drought-related phenotypes, the binding of TOC1 to the ABAR promoter, the TOC1 gated induction by ABA, the lack of induction in ABAR RNAi lines and the genetic studies all support a role for TOC1 as a molecular switch between the circadian clock and plant responses to drought. We are also aware that these results do not imply an exclusive implication of TOC1 and ABAR. Our study focuses on TOC1 and opens up the possibility to extend these findings to other clock components.
Referee #3
Referee #3 has raised some concerns about our data and suggested an important revision to improve the quality of our manuscript. We have carefully read the Referee #3 indications and have accordingly changed the manuscript following most of the suggestions. The changes include:
1. Loading controls were included in Figure 6 . Quantification was also included in Supplemental Figures. Details about ABA treatment were described in Materials and Methods.
2. Regarding ABAR mRNA expression, referee #3 states that the waveform is "complex and unlikely". However, this is the pattern that we have obtained. The results were quantified from independent biological replicates, with essentially similar waveforms in each experiment. We have nevertheless performed a new Northern blot analysis of WT and toc1-2 mutant plants (see below). Our results also showed a similar pattern to that observed for WT and TOC1 RNAi (shown in Figure 5 ). In any case, we have taken into account the referee observation and included a statement in the manuscript reflecting that "ABAR mRNA expression might be complexly regulated in the absence of a functional TOC1".
Gene expression comparisons among different genotypes were probed on the same blot although for clarity reasons, the figure was structured in different panels. This is why the WT bands were shown twice. Below, the referee can find the blot. However, we just want to mention that if there is appropriate normalization, then comparisons of different blots should be valid. Otherwise, it would be not possible to make graphs with samples from biologically independent replicates.
3. Also regarding the expression of ABAR, the referee states that "The mRNA encoding this enzyme is expressed highly at most time points in WT." However, our results show a circadian oscillation of ABAR expression with peaks at the subjective dawn, a declining phase during the subjective day and a trough at the subjective dusk (i.e. anti-phasic to TOC1). Also in relation to this concern, the referee says that "it can be easily tested -is an ABAR-ox plant more resistant to drought than WT? This experiment should be included." The phenotypes of ABARox plants were already published in two studies (Shen et al, 2006) and (Wu et al., 2009 Plant Physiology. DOI: 10.1104 ) and these phenotypes are fully consistent with our results.
4. Referee #3 raises a concern regarding the stomata phenotypes of TOC1 mutant plants. Our results showed that compared to WT, the stomatal response at every ABA concentration was significantly altered in toc1-2 (p-value<0.01). Furthermore, we performed many other different physiological assays including stomatal conductance, survival rates and water-loss, and all of them gave consistent results and showed the same trend. In relation to the fact that we observe phenotypes even in the absence of exogenous ABA, we believe that this reinforces our conclusions, as these results may underscore the importance of TOC1 in the regulation of genes that respond with high sensitivity to low concentrations of endogenous ABA (e.g. ABAR). The referee may want to consider that the microarray data was obtained also with samples not treated with ABA. Also related to this concern, we observed that the phenotypes of TOC1-ox plants were overall more severe than in TOC1 mutant plants. These results are consistent with our conclusions in that the expression of ABAR is more severe in TOC1-ox than in toc1-2. In this sense, it is well accepted that the circadian phenotypes of toc1-2 (short-period) are also less severe than the ones observed in TOC1-ox plants (arrhythmia). In addition, we do not exclude the possibility of a functional redundancy of TOC1 with other members of the family.
5. The second scale in Figure 5C is described in the Figure legend and was included because TOC1 binding in TOC1-ox is significantly higher than in TMG.
6. The ChiP data derives from independent biological replicates, meaning independent time course analysis, with independent chromatin preparations. We have now specified these details in Supplementary Materials and methods. The presented graphs show the results of quantitative PCR but we also have data analyzed by semi-quantitative PCR (an example is included below for the referee).
The rhythmic nature of TOC1 binding in TMG plants can be considered as one of the better controls for both negative and positive signals, showing binding only at specific phases (with the very same plants, primers and antibody). Furthermore, the reliability of our results was confirmed in independent ChIP-Seq experiments (to be published elsewhere) in which the ABAR locus was retrieved as a TOC1 binding target. In any case, and following the referee #3 suggestion, we have reinforced our data showing Q-PCR analysis of ABAR amplification using primers flanking different regions of the ABAR locus. Based on our previous data and on the size of our chromatin fragments after sonication, we have used primers amplifying a region of the ABAR promoter (-450), the 5'UTR and the 4th exon. We have also analyzed three time points (3, 15 and 23), in such a way that these new data combine both the spatial and temporal binding of TOC1 to the ABAR locus. Our results now show that the binding of TOC1 can be situated at the ABAR promoter and more specifically around the transcription start site but does not occur throughout the entire coding region. In addition to these experiments, we have also reinforced our ChIP data by including negative controls showing the absence of amplification of ABA1 promoter in TMG plants +/-ABA. We also include for the referee the absence of TOC1 binding to the ABAR 4th exon. Altogether, we hope that these new data properly address the referee concerns about the ChIP results.
7. The expression of ABAR in TOC1-ox plants is importantly reduced at all time points ( Figure 5B ). We believe that for our work, it is relevant to show that ABAR expression is lower in TOC1-ox/ABAR RNAi than in single ABAR RNAi, as this result explains the phenotypes and the negative function of TOC1-ox. Nevertheless, we include for the referee a comparison of three ABAR RNAi lines with TOC1-ox. Overall, we found that compared to ABAR RNAi lines, ABAR expression was lower in TOC1-ox. We have excluded the WT in this graph and make the quantifications relative to the highest value, so that the differences can be easily observed.
8. In relation to TOC1:LUC expression, we have structured the figure in three panels because it is clear and avoids the confusion of having many waveforms that are difficult to discern. In any case, comparisons of TOC1:LUC expression in WT and ABAR RNAi lines are shown in Supplementary Figure S9 . Thank you for sending us a new version of your original manuscript EMBOJ-2009-71441 as a new submission. Our original referees 1 and 2 have now seen it again (see below). Referee 3 was not available to look at the new version of the manuscript at the time of resubmission. Referee 1 is positive regarding publication of the paper here (no comments to the authors), but expresses to the editor that the manuscript should be refocused to the direct regulation of ABAR expression by TOC1. Referee 2 still expresses concerns regarding the microarray data, but also acknowledges that the functional link between TOC1, ABAR expression and the response to drought is an interesting one in principle. He/she therefore suggests to remove the microarray data altogether. In the meantime I have now had a chance to look into the issue in depth and to consult with our Executive Editor. We have come to the conclusion that in principle the paper should be publishable here. Still, the concerns put forward by referee 2 need to be addressed. We would therefore ask you to refocus the paper along the lines pointed out above and to de-emphasize the microarray data, but to keep the microarray data in the manuscript. The microarray data should be better explained as pointed out by referee 2 and submitted to one of the public databases as pointed out in our guidelines for authors. The accession details need to be included in the main body of the manuscript text.
We are looking forward to receiving a suitably amended manuscript as soon as possible.
With kind regards,
Editor
The EMBO Journal
Referee #2 (Remarks to the Author):
Cuevas et al link the circadian clock to ABA signaling and stress responses and suggest TOC1 directly modulates this response by regulating expression of the ABAR gene. In this revised manuscript, they have added additional experiments bolstering their conclusion that TOC1 directly regulates ABAR and added further description of their experimental protocols.
The authors find that gene misexpressed in TOC1-OX and toc1-2 plants are significantly enriched for ABA-regulated genes. They use this as the starting point for their investigation of potential interactions between TOC1 and ABA signaling. As the authors point out in their response to reviewers, the way in which their microarray experiment was designed and analyzed allowed them to identify clock-regulated genes, but not necessarily genes directly regulated by TOC1. A more detailed analysis, not performed, might have allowed them to determine whether there was an enrichment of ABA-regulated genes in their TOC1-regulated gene list when compared to the proportion of ABA-regulated genes among all clock-regulated genes. In the absence of such analysis, the reader is left to wonder whether their gene expression analysis does in fact support their conclusion that TOC1 directly regulates ABA signaling. For example, they point out that "with the exception of methyl jasmonate, no other hormone pathways were as significantly affected as the ABA" (Figure 2) . However, among all clock-regulated genes, methyl jasmonate-and then ABAregulated genes are the most significantly over-represented (Mizuno and Yamashino, 2008; Covington et al, 2008) , calling the inference that there is a specific relationship between TOC1 and ABA signaling into question. Similarly, they show an overlap between TOC1-regulated, clockregulated, and ABA-regulated genes (Fig. 1) . If the genes reported to be clock-regulated in other studies were excluded, would there still be a significant enrichment of ABA-regulated genes among those misexpressed in the TOC1-OX and toc1-2 mutants? The lack of detailed analysis means that the reader is left wondering whether the array data support a specific role for TOC1 in ABA signaling or not.
In addition to not revealing any new information regarding a possible relationship between TOC1 and ABA signaling, the microarray analysis is poorly described. In figure 2A and B, for example, it is not clear what 'frequency' refers to, or how the gene categories were obtained. Supplemental Tables 1 and 2 (which contain the microarray data), are very poorly labeled, with the only descriptions being "see www.affymetrix.com for details of analysis and labels" and "see http://bioinfogp.cnb.csic.es for details of analysis and labels". This is not enough information to allow others to work with the array data; even after looking at the indicated web sites it is not clear what analysis methods the investigators used or what the column headings mean.
Finally, the section describing the microarray experiments and analysis is lengthy and much more difficult to read than the rest of the paper. Since this portion of the manuscript doesn't provide any new information beyond what is currently published and is poorly documented, I suggest that this part of the paper be omitted. The authors could simply state that their own microarray experiments (data not shown), and previously published work indicate a link between the circadian clock and ABA signaling and that they have followed it up with the experiments described in the current paper.
The rest of the paper is more appealing. The authors demonstrate altered stress responses in toc1 mutants and TOC1-OX. Some of these alterations may be generally due to altered clock function (because these responses are clock-regulated and mutation or overexpression of TOC1 causes a change in clock function), but the altered survival of TOC1 RNAi plants upon dehydration (Fig. 3A) is a long-term effect unlikely to be due to altered clock phase in these plants. The authors could stress this point in the manuscript. The direct binding of TOC1 to the ABAR upstream region but not to the 3' end of the ABAR gene is a nice result ( Fig. 5 and Supp Fig. 6 ), as are the genetic interactions between TOC1 and ABAR mutant plants.
Revision -authors' response 09 September 2009
In response to the referee #2 concerns:
1. To reduce the overall impact of our microarray data in the manuscript, we have rearranged the figures and the text. The microarray analysis is now shown in only one main Figure. The previous Figures 1B, C, D and 2F and G have been moved to Supplementary Figure S2 while the previous Figure 2C , D and E has been moved to Figure 1 . Figure 2A and B and Supplementary Figure S2 have been removed (as they did not provide crucial information). These changes have allowed to considerably deemphasizing the importance of the microarray data on our manuscript. Therefore, the microarray analysis is now described in only one section in the text. Most of the conclusions were also removed and a sentence was included at the end of the section stating that "Altogether, these [microarray] data led us to further examine the possible
